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The separation of TG in edible vegetable oils has been studied by a wide range of techniques such as gas chromatography (GC), [11] [12] [13] liquid chromatography (LC), 14, 15 superand sub-critical fluid chromatography (SFC and SubFC), 16, 17 and capillary electrochromatography (CEC). 18 The most common approach to the analysis of TG is to release free fatty acid (FA) and perform GC or GC-mass spectrometry (MS) after derivatization, for example, methylation. However, this approach does not identify actual intact TG molecular species, but only determines the percentage of individual FA present in the total TG fraction. 1, 2 The complete separation of TG is still very difficult because the edible vegetable oil samples are usually complex mixtures of TG which have very similar physico-chemical properties, and the number of possible molecular species is equal to the number of FA cubed. In addition, in some cases information about actual TG compositions is lost because TGs in oils and fats were formed more or less selectively. 8, 16, 19 In spite of the chemical similarities of vegetable oils, small differences in their composition can lead to substantial differences in price and health properties. This consideration makes edible oils such as olive oil a primary candidate for adulteration by substitution with less expensive oils, due to their high market value. 1, [5] [6] [7] [8] The qualitative detection and especially the determination of low levels of adulteration remains an analytical problem. 20, 21 Two general approaches can be taken in the detection of adulteration of foodstuff. 13 One is identification of a major constituent and its property, and the other is identification of the adulterant. Recently, various methods, coupled with a variety of analytical techniques, have been applied to the classification of edible vegetable oils and detection of their adulterations. [12] [13] [14] [15] 20, 21 However, detection of adulterated oils based on TG compositions by high temperature (HT)-GC was not studied. In this study, TG profiles of selected vegetable oils were obtained by HT-GC. Then, detection of adulterated olive oil mixed with soybean oil was investigated by using TG profiles and principal components analysis (PCA). C. Hydrogen (99.995%) was the carrier gas, and its flow rate was 2.0 mL/min. Gas flow rates for FID were kept as follows: nitrogen (99.995%) make up gas, 33 mL/min; hydrogen (99.995%) fuel gas, 35 mL/min and air (99.995%), 350 mL/min. A split injection with a ratio of 1 : 100 was used. The sample volume injected was 2 µL. GC peak areas were computed with a HP3396A integrator (Santa Clara, CA, USA; chart speed, 0.3 cm/min; threshold, 3; peak width, 0.01; attenuation, 7). Peaks were identified tentatively by comparison of retention times of reference working standards with those of sample components spiked with standards.
Each 100 mg of reference working standard was From a multivariate data matrix having p variables and n samples, principal component scores were computed by using MVSAP.
Results and Discussion
Higher GC oven temperature up to 370 o C and high temperature stable column stationary phase are required for analyses of relatively involatile intact TG. Figure 1 shows representative HT-GC FID chromatograms of the TG standards mixture and selected vegetable oils separated on a HT-5 column. It was possible to separate and to detect intact TG containing up to 54 carbon atoms in the acyl moieties directly without derivatization. Separation occurred according to carbon number in the acyl moieties. The advantage of determining intact acyl lipids is the ability to study individual molecular species. However, it is not yet possible to obtain complete structural information for intact TG molecule containing different FAs in the three acyl positions by only HT-GC-FID.
The reproducibility (defined as the relative standard deviation of retention times of 20 replicate runs) of separation for T 42 , T 50 , T 52 , and T 54 was less than 2.10%. The precision (defined as the relative standard deviation of peak areas of 20 replicate runs) of working standards was less than 4.72%. The limits of detection, defined by a signal to noise ratio of 3 : 1, of T 50 , T 52 , and T 54 working standard solutions were found to be 8.3 ng/µL, 12.8 ng/µL, and 21.9 ng/µL, respectively. Linear calibration curves were obtained throughout the standard's concentration range (50 ng/µL1 00 µg/µL). Table 1 shows the TG composition of the selected vege- PCA was applied to provide an overview of the capability to distinguish vegetable oils based on TG composition by HT-GC. The data set of TG composition for 11 vegetable oil samples in Table 1 was classified by using PCA. PCA is frequently employed for the purpose of generating a reduced set of varieties that account for the most of the variability in the original data, and the first principal component score (PC1) contains the most representative information in the data set. As shown in Figure 2 , distributions of the data points of three PCA scores (cumulative proportions: 88.1%, 88.2%, and 100.0%, respectively) for 11 vegetable oils investigated in this study are different from each other. For example, it can be seen that the datum point of olive oil is far from that of soybean oil. PCA was useful for pattern recognition and detection of adulteration.
It should be noted, in Table 1 , that relative ratios of T 54 /T 50 ranged from 9.99 to 192.33, while those of T 52 /T 50 and T 54 / T 52 ranged 6.23-29.40 and 1.08-6.73, respectively. These results suggest that relative ratio of T 54 /T 50 is useful to discriminate the authentic vegetable oil with the adulterated oils. Figure 3 shows graphically the mixing ratio of cheaper soybean oil added to expensive olive oil versus T 54 /T 50 ratio. In the case of adulterated olive oils blended with soybean oil, the T 54 /T 50 ratio is linearly increased as the mixing ratio approaches up to 25%, and then decreased. Based on this comparison the relative ratio of T 54 /T 50 looks promising as a detection index for adulterated olive oil blended with more than 5% soybean oil. 
